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of internal waves. The observed surface currents measured 
with the GEK all exhibited little or no correlation with 
winds and tides. The flows were all generally southerly; 
their averages agreed with previous measurements made with 
the GEK. This direction of flow was opposite to the gener- 
NE 0n5 Gi Scott and possibly agreed with those of Pirie, 
Nadine upon the placement of one of his eddies. The 
k-factor for the GEK could not be determined because currents 
measured directly in the thermocline were found to be not 

Z "relatod€ ween the GEK measurements. However, the average 
current speeds were in reasonable agreement with currents 
measured at other times in Monterey Bay, leading to the con- 
clusion that k cannot be much greater than the assumed value 
1.0. 
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ABSTRACT 


Five data cruises were taken on board R/V ACANIA to study 
the effect on the Geomagnetic Electrokinetograph (GEK) of 
varıous environmental factors, including winds, tides, and 
internal waves, over the Monterey Submarine Canyon. An in 
EN current meter was used successfully on one occasion to 
Gain data to establish a k-factor for the GEK in the Sub- 
marine Canyon, and to directly measure the particle velocities 
of internal waves. The observed surface currents measured 
755 7 the GEK all exhibited little or no correlation with winds 
and tides. The flows were all generally southerly; their 
averages agreed with previous measurements made with the GEK. 
This direction of flow was opposite to the generalizations of 
7700 and poSsibly agreed with those of Pirie, depending upon 
57: ment of One of his eddies. The k-factor for the GER 
50: not be determined because currents measured directly in 
50 “ hermocline vere found to be not correlated with the GEK 
measurements. Hovever, the average current speeds vere in 
n wable agreement with currents measured at other times 
in Monterey Bay, leading to the conclusion that k cannot be 


Mach greater than the assumed value of 1.0. 
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1.7 INELODUCELON 


77 THE PROBLEM 

This study was undertaken in an attempt to examine 
phenomena observed twice previously during experiments with 
the Geomagnetic Electrokinetograph (GEK) above the Monterey 
Submarine Canyon. Anomalously high apparent velocities were 
recorded by the GEK in studies by Howton [1972] and later 
during a student demonstration cruise. It was believed that 
these high values could be the results of internal wave activ- 
ity in the Canyon. Lipparelli and Beardsley [1971] postulated 
Such an effect and computed its magnitude for frequencies as 
low as 1.8 x 10” hertz. 

Howton's study had no method for detecting and recording 
57 Ppresence of ınternal vaves, so no GEK-internal wave cor- 
nslu.ion could be made. The present study involved the use 
of the GEK, expendable bathythermograph (XBT), and an in situ 
Brent meter, together with wind and tide data. 

Five data collection runs were taken on R/V ACANIA. The 
location of each run is shown in Figure 1. All five runs 
ww.iollved the use of the GEK and measurement of the winds and 
tides. Runs Two through Five involved the added use of XBT's 
Un sSıtu curvent meterssaltheush the Current meter 
functioned properly only once, on Run Three. 

It was hoped that the same anomalous apparent values 


could again be observed and correlated. If the anomalies 
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were not Obserwed, the present study hoped to widen the data 
base on environmental influences on surface currents over the 
Submarine Canyon, together with an estimate of a likely k-factor 


for submarine canyons. 


be USE OF THE GEK IN THIS STUDY 

As employed in the present study, the GEK is capable of 
Measuring apparent surface current velocities in the vicinity 
wma point, from an underway platform. Section II provides a 
Mmemeral discussion of the theory associated with the GEK, 


together with its shortcomings. 


C. ADDITIONAL PARAMETERS USED 
1. Winds 
Wind vectors were obtained from the Pacific Gas and 
لد‎ C (Tic Power Station at™Moss Landing, California. The 
anemometer is mounted on a 75-foot staff and is well away 
from obstructions which might perturb the wind field. The 
vectors are assumed to be representative of the winds in the 
Gëfter of the data collection point. Winds were recorded 
hourly and are plotted as north and east components in Sec- 
mun IV. 
2. Tides 
Tides were recorded at the Naval Postgraduate School 
wende station and are presented, in Section IV, as heights 


above mean lower low water. 


12 
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3. Thermocline 
benno EE E were traced by the use of XBT drops 
taken periodically during Runs Two through Five. Thermocline 
depth and the depth of the 10°C isotherm are plotted in Sec- 
ton IV. 
4. Geomagnetic Activity 
Geomagnetic indices, Ag, Were obtained from the Space 
Emeronmental" Support Center, Boulder, Colorado. Values tab- 
ulated in Table I of Section II are daily averages of the 


geomagnetic activity as measured at Tucson, Arizona. 


II PREVIOUS STUDIES IN MONTEREY BAY 
1. Stevenson [1964] 

Stevenson conducted his experiment in southern Monterey 
Bay using drogues at three depths. He attempted to determine 
27 ” ind-dependence of surface Currents in the Bay. He deduced 
a close vind-dependence vhen the vind speed exceeded five 
knots; he found no correlation with winds and tides. Steven- 
son's drogues drifted to the right of the wind direction with 
little time lag in the rotation. He did observe one anomaly; 
for northwest winds, drogues drifted to the left of the wind 
011 601٠ 

2. Garcia [1971] 

Garcia utilized totally numerical methods to model 
circulation in the Bay. He postulated that the major off- 
more cúrrents, the California, flowing south, and the 
eaid on, loving north, were the driving forces for a closed 


65:1755:75077 ИП in the Bay. He noted the effect of the 


15 





Canyon in dividing the closed system into two or three dis 
001 11116 pyres or eddies. 
5, „Mea 1970] 

Maa used the GEK in studying surface currents in 
the vicinity of the Canyon. No attempt was made during his 
ҝилис to make a time-series measurement of currents at a 
point. He used a variation of cruise plan A2 from Von Arx 
[1950] which provides current determinations along a track, 


as shown in Fig. 2. 


Iupuncue2GBKePastterhwof 2 ا(7‎ 


McKay examined the dependence of wind, sea, and tides 
mihe apparent surface currents. He arrived at tidal depend- 
7 as the predominant result, but lacked sufficient data to 
adequately understand the nature of the dependence. 

27: --mith 119721 

ти ۳۲۱۳٣6" 6 ۳ ۳۰۲٣ 03 6her vith tides and isotherm 
ac cs o attempt to correlate apparent surface currents 
above the Canyon. His cruise plan was a variation of McKay's, 


ehon in Fig. 3. He postulated a dynamic set of circulation 
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waa © 





palmeras but made no clear conclusion of any environmental 


١ 1 0591161615 apparent surface currents.‏ آلا 


الا 


Eren GEK Pattern of Smith [1972] 


5. Howton [1972] 

Howton used wind and tides to attempt a correlation 
mh apparent surface currents as recorded by the GEK. He 
E cruise plan C-1 from Von Arx [1950], the complete tra- 
25075 011 of a Square, in order to collect time-series data at 
unt. He conducted six cruises at a point over the Canyon. 
He concluded that there are both diurnal and semi-diurnal 
components of the apparent surface currents which demonstrate 
a consistent phase relationship with the Sun and Moon. His 
statistical efforts showed indirect coupling of the apparent 
surface current with the semi-diurnal tide. 

битә et ak. [1974] 
Вит EMT com ne Goddard Spaceflight Center, Green- 


belt, Maryland, Pirie et al. made a site study of Monterey Bay 
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with the emphasis placed on the applicability of remote 
Sensors for surface current studies. His efforts were pri- 
marily to summarize all the previous work done in surface 
Siren t determination in the Bay. The end product from his 
5029707 iS represented by generalızed circulation patterns by 
65 mic season; Monterey Bay experiencing three climatic 
Seasons, the Oceanic, Upwelling, and Davidson Current periods. 

Figure 4 shows the generalized circulation for the 
Bpwelling period from mid-February to late August, as proposed 
My Pirie et al. Four of the author's runs were taken in this 
Priod. 

Pore S Shows the poneralized cirenlation for the 
Oceanic period, from September to mid-November, as proposed 
٠٦۔٣:‎ et al. One of the author's runs was taken in this 
riod. 

Figure O is the generalized circulation in the Davidson 
Tent period. No runs by the author were taken in this 
Period. 

Pirie concluded that the dominant driving force of the 
EX Ss circulation is the offshore currents, with secondary 


influence from the wind. 
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İb ZERBEORY 


A. GEOMAGNETIC ELECTROKINETOGRAPH (GEK) 
IE. Theory 

Apparent surface currents are measured by the method 
m towed electrodes by using the GEK. The GEK consists of a 
7” - non-polarized electrodes; usually silver-silver 
25 ride, connected to a recording potentiometer by a 
mwerally-buoyant, tvo-conductor cable. The electrodes are 
normally 100 meters apart, each connected to an individual 
conductor. The use of neutrally-buoyant cable eliminates 
any cable droop which might degrade measurements. The elec- 
trodes must be towed far enough astern of the towing ship to 
5٢٢٢١٢ of ship-induced electromagnetic effects (usually two 
uu bee ship lengths). Von Arx 11950) and Longuet-Higgins, 
Stern and Stommel [1954] are the sources of detailed descrip- 
tion and derivation of towed-electrode theory. 

Faraday, in 1832, proposed the induction of an 
EE Stro-magnetic force (e.m.f.) in water moving through the 
earth's magnetic field. Equation (1) permits a quantitative 


emc ulation of this em, E E. 


E = vxH, x 10 ” volt تم‎ 


E = induced e.m.f. (directed perpendicular to current 
vector) 


v = horizontal current velocity (cm/sec) 
x = distance over which v is measured (cm) 
H_= vertical component of earth's magnetic field (gauss). 
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[i the water everywivere is not moving at the same 
pNSeIty, electrical currents will flow because of the po- 
tential differences. The generated potentials are decreased 
mame resistive potential difference due to the current flow. 
Generally, a space integral of E- ir is required to find the 
۶۰۰۰۰٦41 field and the distribution of current density, i, 
een the resistivity, r. 

Ideally, the velocity maximum is at the surface, and 
there exists beneath this surface layer a thick layer of 
essentially static water, which acts as a low-resistance shunt 
Meee the resistive voltage generators ncar“the surface, bring- 
2277 the potential gradient to near zero. If then, two identical 
electrodes are towed through the water, they themselves are 
at equal potential. But the single length of wire between the 
electrodes is being carried transversely through the vertical 
components of the Earth's magnetic field by the athwartship 
component of the surface current, which affects both cable 
and ship. The voltage recorded aboard the ship then is gen- 
5050700 in this wire according to equation (1). A thick, 
conductive bottom could serve the same purpose as a static 
heer layer. 

Ceres NOt a Statice ۹۹۷۹ یی‎ 6 
layer and the bottom is more or less insulating, the voltage 
in the sea between the electrodes will not be zero and the 
nal due t6 the surface currents will be altered. If the 
current were the same at all depths, no voltage would be 


measured. If there were a reversed rapid flow near the 
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bottom, the voltage at the surface might be augmented. If 
Rapida flow was present at mid-depth and the cross-section of 
the static conducting path were not great enough to dissipate 
Pics 11111016116 would be felt at the surface. Thus, surges 
and internal waves can affect the voltage measured by the GEK 
Ee particle motion reaches the surface. The effect may 
still be felt if the water is not too deep, if the motions 
extend to near the bottom, or if the motion does not reach 
mue surface. "The resulting anomaly may either add to or 

m Ct trom the Signal otherwise present at the surface, 
depending upon the relative direction of the flow. 

ire eul se calculation of the crreces of ` a 
E nomenon presents considerable difficulty involving three- 
dimensional integration (probably by numerical methods) and 
requiring a knowledge of the water velocity at all points in 
.706ات7۰‎ For this reason, the treatment of the phenomenon 
IS study is only Semi-quantitative. 

SU cO Monterey Canyon 1S Of Modcrarc depen. it was 
anticipated that it might approximate an ideal case when 
Surges are absent and that the degeneration which results 
in the necessity of raising the k-factor to above unity is 
i5 ly small. Part of the objectives of this study was to 
test this hypothesis by comparing the GEK-measured surface 
currents with directly measured currents. However, as will 
be seen, a current meter in the thermocline exhibited little 


G, IC] tion with currents at the surface. 
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EOS 

There are several sources of significant errors in 
the measurement of apparent surface currents by the GEK: 

a. Deep currents or the effects of depth which result 
Mea k-factor change, as discussed above. This results in an 
So in magnitude only, if the degeneration is an effect of 
(sufficient static layer. The sides of the canyon may 
EE distort the electric field. 

b. Geomagnetic disturbances can disrupt the Earth's 
ü5? 7 .iC field. According to Longuet-Higgins, Stern, and 
mel, variations equivalent to 0.1 knot can be expected 
over long-term measurements, with maximum errors of 5 knots 
possible during major solar storms. Bennett and Filloux 
۳٢. in a month of data collected in the deep Atlantic, 
rarely observed electrical fields in excess of 0.25 mv/100 m, 
۰۰۰۰٦60: to 0.15 knot; apparently Longuet-Higgins' 5-knot 
patrons are not realistic, at least in deep water. 

Table T lists the geomagnetic activity tor the days 
Eul ch data was collected. It will be seen that the stormy 
conditions of 11 November 1974 coincide with the GEK records 
fOr that date, and may account for the observed high apparent 


values at that time. 
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TABLE» 1 


Geomagnetic Activity 


Run Date Geomagnetic Index Condition 
il 10 Nov 74 6 Quiet 
11 Nov 74 31 ilnor Storm 
2 2 5 6 Qu Pet 
De DAS 5 Quiet 
3 o 22027” 5 Quiet 
4 Apr 75 5 Quiet 
4 21 ADT 75 12 Unsettled 
220 A5 13 Unsettled 
5 1 May 75 6 007 
2 May 75 15 Active 
20077 0 EE 6 ٣3ذ"‎ ۶:۶ 7 


errors. This drift can be the result of electrode deterior- 
wor cable leaks. Drifts in the present study were either 
controlled or were slow enough to be negligible. 

ar, It should be noted thaw over the Submarine canyon 
Howton found the currents on opposite sides of his square 
sm iticantly different so that the Zero derived by comparing 
tows on reciprocal courses has an element of uncertainty. 
102 error was minimized in this study by using the L-shaped 
tow pattern in which the reciprocal courses are close together 


2057001) time and space. Section III discusses the tow plan. 


B. INTERNAL WAVES 
K first consider a simple, two-layer system, as 
EMI In ITIP. 7. In thiS system, internal waves are those 


waves within the water mass and on the interfacial boundary. 
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If the wave shown is progressive, from left to right, 
E  icles in the cell A-B-C will orbit in a clockwise manner 
emo e particles in the C-D-E cell will orbit in a counter- 


clockwise manner. 





Bicume 7. Simple Internal Wave 


"١ the apparent surface current is also moving from left 
orient, it can be seen that the apparent surface current 
will alternately experience degradation and enhancement as 
1 internal vave progresses past the point of measurement. 
Metions in the lower layer also will contribute to the 
tentials measured. 

These simple internal waves are the only ones possible 
ii the two-layer model discussed above. The ocean 15 not 
two-layered, and there are an infinite number of possible 
internal waves which can occur in the continuous density 


gradients in a given water mass anywhere in the ocean. 
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Simce the tidal character of internal waves is so prom- 
Mint, tides were for some time considered to be the only 
cause of internal waves by forcing a tidal oscillation of 
the density boundary, either near shore or in deep water. 

Mr ernal waves need not be clearly periodic. Aperiodic 
characteristics, such as wind-induced surges, are also possible. 
The effect of an onshore wind into a semi-enclosed basin can 
275: these aperiodic internal waves by building up surface 
water at the coastline, depressing the boundary, and setting 
the boundary in motion. 

iii re is reason to expect internal waves in the Monterey 
Submarine Canyon. McClelland [1972] obtained fragmentary 
records of internal waves in the Canyon. He noted a 90-meter 
movement of the 7°C isotherm in a period of 3 hours. Motion 
of that order was not seen in any of the data for the present 
study; most of the internal waves observed were of the order 
DIEM SD meters. 

Shepard [1974] observed internal waves in the Canyon to 
be moving up-canyon at speeds of 25-88 cm/sec. In other 
experiments off San Diego, Shepard observed the passage of 
the same internal wave over the shelf and in a canyon. His 
results showed that the canyon-confined wave propagated faster 
than the wave over the shelf, suggesting that the constriction 
of the canyon walls tends to increase propagation speed. 

lie oh of Lipparelli [1971] suggested that the effects 
of internal waves on the GEK might be important. He computed 


the effect of short-period, idealized, free internal waves on 
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mu = 





$ 


GEK signals. He modelled a two-layer ocean and limited his 
study to free internal waves which would form on the inter- 
face. The concern in thè present study is with a wave forced 
at semi-diurnal frequency and with a wave number of 10° m". 
Extrapolation of Lipparelli's results to such wave numbers 

and to a 12.4 hour period for depths and densities appropriate 
to the canyon yields a signal of about 10 mv/100 m, correspond- 
ing to 5 knots. This must be regarded as an order of magnitude 
77 “Once The canyon is Tar more complex than Lipparelli's 
ml. The calculations do suggest that sizeable effects of 
meer nal waves may be expected. 

Me length of time-series was limited by practical con- 
siderations to periods of a little less than 24 hours (see 
Eon III for details). With this length of series, it 
2575: De possible to extract a 12.4 hour periodic component 
reliably only if the data were relatively free of other fre- 
uncles and noise. As will be seen, this latter property 
did not prevail and neither tidal components nor any other 


characteristic period could be extracted with certainty. 
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iil. - PROCEDURE 


EN SE PLAN 

593ling plan C-2 from Von Arx 119501 vas chosen for this 
study (see Figure 8). The dogleg plan has advantages over 
the previously discussed square plan used by Howton [1972]. 
Howton's fixes were obtained by summing reciprocal courses 
on opposite sides of the square, The sum resulted in a zero- 
point for that pair of courses and the apparent velocity 
momecnaicular to that course could then be determined as the 
57) “Pence to the right or left of a zero-point. One circuit 
of the square resulted in two pairs of two differences. Using 
5٦٦66551۷ ء6‎ vector sums, apparent current velocity could be 


calculated twice per circuit of the square. 


-— — 
一 -一 一 一 


Figure 8. GEK Pattern 
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Miemcophes = plan Used in the present study essentially 
olds the square in half diagonally. This results in re- 
577001 courses being transited on (ideally) the same track. 
Howton!'s reciprocals were separated by the width of the sail- 
iii plan.  Fixes for the present study were calculated in the 
same manner as Howton, by using a leapfrog scheme wherein 
each value of apparent current is used for two separate cal- 


tions. Table II shows the sequence of obtaining a fix. 


TABLE II 


Fix Determination 


Fix No. Track Segment E/S Track Segment N/S 


1 JL Lp B, - C, 
2 B, - A, C, - B, 
3 ne abe B.. Gs 
4 B, = A C, - B 


dep 


2 


E 


25520: speed of six knots, a complete traversal of the track 
wT about forty minutes, so a fix was obtained about every 
Wecnty minutes. At each end of the track, Williamson turns 
were executed to maintain the proper track. Occasional vari- 
ation of the track was necessitated by fishing boats, fishing 
buoys, or mechanical problems of the ship. During these devi- 
ions from the track, no data was recorded until the track 
had been reestablished. With the exception of a two hour 
break in the data for Run Three, no data gaps exceeded thirty 


minutes. 
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۳۰۰۰٦ 0 ۲۰۷۰77۹ 1۱17 been planned to make all data collection 
in 24-hour periods, but ship commitments or equipment mal- 


TIONS prevented thls. Table III lists run durations. 


TABLE III 


Run Duration 


Run No. Dua ton Chrs ) 
1 20 
2 2805 
3 19.5 
4 2005 
5 21 


Although no cruises lasted as long as had been planned, 
lengths of records were long enough to give a reasonable 
probability of encountering anomalous events and correlating 
between tides, winds, and directly-measured currents, provided 
such correlations were strong. 

ram KAMGEEK, Figure A-1, was used to calculate the‏ ا 
mrt Current vectors. The program computed resultant‏ 
vectors from the north and east components read from the strip‏ 


chart of the recording potentiometer. 


Di CURRENT METER EMPLOYMENT 

The Hydro Products Model 502 current meter was used as 
In situ meter for Runs Two through Five. However, the 
Meter worked properly only on Run Three. Data was read at 
fifteen minute intervals from the strip chart output of the 
current meter for reduction; the components are listed in 


Table A-VI; 
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Figure 9 shows the anchoring scheme used for the current 
meter. The subsurface float was intended to support the array 
ray with 150 pounds net buoyancy. The surface float, 
81 Of 150 pounds net buoyancy, the spar buoy, of 100 pounds 
ENovancy, and the surface marker were intended to provide 
about 200 percent of the total array weight in buoyancy in 
Eder to prevent the array from sinking should the anchor slip 
into deeper water. One-half inch braided nylon was used to 
мисс the current meter to the anchor: three-eighths inch 
wUDropylene line was used. for the remainder of the array. 

The array was deployed in reverse order; marker, surface 
float, subsurface float, current meter, and anchor line. Once 
the proper position had been reached, the anchor was released, 
and the array sank. After it had been determined that the 
anchor was stationary, the spar buoy, with strobe lights and 
radar reflector, was attached to the marker. The position of 


the array was then established as Point B in the cruise plan. 
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STROBE 
LIGHT ? 


pA FLOAT MARKER 
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L SPAR BUOY 


100m COUNTERWEIGHT )سف‎ ) 


4” SUBSURFACE FLOAT 


6 m 


HYDRO PRODUCTS 502 
CURRENT METER 


600m 


<—CONCRETE ANCHOR(150 Ib) 





BOTTOM 


Figure 9. Current Meter Anchoring 
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IV CRUISE SYNOPSES 


E 2032ل‎ Are presented in several different graphical 
forms in Figures 10 through 3l, grouped by runs. The dif- 
ferent forms of presentation are discussed below. 

For each data collection run, GEK and wind data are 
eraphically presented in north and east components versus 
time; the tide height and depth of the 10°C isotherm and 
thermocline are also shown. Wind speeds are divided by 10 
relative to the speed scale. The current meter data are 
added in Run Three and they have been multiplied by 5 in 
uer to provide resolution in the north-setting components 
iure 18). In order to permit comparison of the GEK and 
the current meter on the same scale, Figures 20 and 21 are 
included . 

Vector scatter diagrams were drawn manually from GEK 
components. Progressive vector diagrams were drawn using 
the VECTORDRAW program of Hollister [1975]. Note that the 


scales are different on individual diagrams. 
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RUN ONE 


Date: 1200, 10 November 1974 - 1200, 11 November 1974 


Coordinates: 
253200 0100017700 бл О: 
po bc celo N I21 SOO0IW 
CSO 11 TI SOO 

65 Data Points 

Vector Average: 9.39 cm/sec @ 152.5°T 


Note: No temperature data was available for this run 
due to themiger of XBJ'!s on R/V ACANIA: 
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Tide Height(ft. above MLLW) 
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Figure 13. Run 1, Progressive Vector Diagram 
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RUN TWO 


DO 1000), 26 February 1975 - 0900, 27 February 1975 


Coordinates: 
EE NEE EEN 
B- 36° -46.9'N, 121° - 54.9'W 
8000047275 1 W 
49 Data Points 
Vector Average: 7.47 cm/sec @ 226°T 


Note: The low number of data points was due to a slower 
Speea on this run made necessary by loss of one 
engine on R/V ACANIA. 


59 


Pr = "mı 


2 


m 
m m > 


Den ии 
| m 


0 dp 
sm mE Ñ | 
1 i-e we 
E CR | 
| | 2021295. > 





Depth (m) 


Tide Height(ft. above MLLW) 


'dUIpPol o[e2s sourj Qr peor ‘paads putm 104 
"waoy20s] ef PUB SUTTIOUWISYL] Jo u3doq pue *3ug8rogu 
әртј 'purM pue yg9 go sa3ueuoduo) Sur339S-u310N “Z uny 


(10d) SUTI 
0001 0080 0090 0070 0020 oovz ÜÜZZ 000z DO8L 0091 0071 


t^) 


Lí) 


[> 





“YI 82138 + 


0021 0001 


© 
N 
1 


e 


C 
si 


C 
<I 
۱ 


(9as/wo) paadS لام‎ 1۸/۹0۷83 


۹40 





'JUIpeol o[eos Sər} OT Peor ‘poads putm 104 
"WI9U710SI J,OT PUB SUTTIOWISYL Jo Yyidaq pue *243T9H 
SPIL “PUIM pue „49 Fo syusauoduo) 3ur339g-3seg “Z UNY “ST aan3Bry 


(10g) نات‎ 
000L 0080 0090 0070 0020 0092 0022 0002 0081 009L 00 ۲ 002] 000! 


t^) 


Lí) 


¿ 


O 


N 
= 
لكت‎ 
ہے‎ 
= 
о 
==, 
0 
D 
() 
e 
ند‎ 
E 
— 
+ 
5 
с 
-一 
Q) 
DE 
о 
D 
dən. 
— 





(28s/u23) peeds purMm/1uaiinj 


Depth (m) 


4] 








a 
10 cm/sec 





Figure 16. Run 2, Vector Scatter Diagram 
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۲۰ ت۲٠‎ 17. Run 2, Progressive Vector Diagram 
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RUN THREE 
157 1000, 3 April 1975 0900, 4 April 1975 


Coordinates: 
250177 T 0'N 7121 65.75) 
p- OPN, ۰ً" ۷۷ 
CREME EN, 19-8 

58 Data Points 

Vector Average: .69 cm/sec @ 180°T 


Note. During this run the cable and electrodes had to 
be reeled in to resolder a leaking electrode. 


This resulted in a two-hour gap in the data. 
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Tide Height(ft. above MLLW) 
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Figure: 22. “Rums5, Veetor Scatter Diagram 
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Run 3, Progressive Vector Diagram 
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RUN FOUR 


2775775:.000, 21 Apral 1975 - 0900, 22 April 1975 


Coordinates: 
Do 0607771777 210 - 55.7"V 
BE SG QATI 121° = 54.8'W 
BT, - ٦٣٣٦٣۷ 
54 Data Points 


Vector Average: 9.79 cm/sec @ 158.5°T 
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Figure 26. Run 4, Vector Scatter Diagram 
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Figure 27. Run 4, Progressive Vector Diagram 
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RUN FIVE 
Date: 0900, 1 May 1975 - 0900, 2 May 1975 


Coordinates: 
NEO ۹ ۷۷ 
Bee 326717 17N09121” - 54.2'W 
25250 017 9 0121” - 54.2'8W 
61 Data Points 


Hector Average: 13.68 cm/sec @ 175.75°T 
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Run 5, Vector Scatter Diagram 


Figure 30. 
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V. DISCUSSION OF RESULTS 


777.:1DİTY OF THE MEASUREMENTS 

The apparent disparıty in magnitudes of the surface and 
57) urface currents as recorded during Run Three provoked 
some doubt about the validity of the GEK records. The re- 
Euer was not in appreciable error; recalibration showed 
femme read 5 percent low. Two conclusions are possible. 
oter the currents measured in the thermocline are poorly 
correlated with surface currents, or the GEK measurements 
٠۰۰۰1 correlated with surface currents, or both. In 
1057 "pic, the flov in the thermocline need not be vell- 
correlated with surface currents because of the low eddy 
27 öy at the top of the thermocline. 

The mean flows obtained by three workers [McKay, 1970, 
Smith, 1972, and Howton, 1972] obtained with the GEK over 
the canyon range from 11 to 13 cm/sec and are generally 
southerly. These results agree satisfactorily with those 
Belo present work shown in Table IV, considering the var- 
lations of day and season. Therefore, the present data are 
comparable with the GEK data of the past, and no error 
peculiar to the present series seems likely. 

Scott [1973], quoting the data of AMBAG (Association of 
Monterey Bay Area Governments) personnel obtained with drogues, 
shows average currents of 7-10 cm/sec over and near the canyon 


in June. This agrees approximately with the present data and 
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Suggests that no large k-factor is necessary to convert the 
ux Thus, although no precise k-factor can be assigned, 
it seems justifiable to speak of the GEK measurements as 
LEeuwEents" and to assume that k equals 1.0 pending a mor 


precise determination. 


TABLE IV 


Averaged Data 


Run Speeds (cm/sec) Avg Dir (°T) 
Avg N Avg E Avg Magn 
1 - 4.33 75: 15255 
2 200 oco 7.47 27050 
3 uno 0202 . 69 180.0 
4 ии 2.01 9.79 155.5 
5 -] 5264 1.02 15.208 LOS 


DISCUSSION OF DATA 

The various composite graphs were examined visually for 
evidence of correlation between parameters. As was mentioned 
peevrously, such short data sets could not be analyzed sta- 
ин лс ЛЈу for periods approximating half the length of time- 
кк With any validity unless the signal-to-noise ratio 
were large. This is equivalent to saying that the correlation 
mould be obvious to visual examination. Although the par- 
ameters contain components of the order of a 12-hour period, 
it is clear that none of them is correlated. 

The probable influence of magnetic storms on Run 1 was 


discussed in Section II. The effects of these storms appear 
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smaller than those predicted theoretically. The likelihood 
cial the apparent currents represented real surface currents 
was discussed in Section V-A. It was concluded that they 
less than real currents, on the average, by a factor 
between one and two. The average currents agree reasonably 


well with previous measurements in the area with the GEK. 
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APPENDIX A 


PROGRAMS AND DATA TABLES 


Program KAM GEEK 


meu e Al, 


64 


= - 
oz ~ =~ 
D + = 
(E e سے‎ > 
(9 > 
c <1 =m 
= >< FITTA > D 
ب‎ 7 SUI سے ہے‎ LC 
Lu y sf bonté bu سے‎ — 
Q u) om ~~ | + | لان‎ To 
= = | - ہے بس ہے‎ HOT e e 
ez —" = —” ОС, с с Xu wen eed 
تلاہ‎ ke CC D As Ab ә prd 一 一 Wu 
— ә o ~ 9 بم‎ 9 o @ O ell Kn ens 
ZO E == f ON ae = ә) - - 
LU JT => N u uu aN an ma 
ZAN ہے‎ d | —- san = ھت‎ > em emm EDED) 
coe - фә map — a P v. ہے‎ — c عم‎ 
Y =D = ~ عم = ~= — ھا‎ CC عم‎ -~s OXX rd rd 
u OZ T => | ә 11) DD: rin! QU tee QO 
بور) للا‎ = — ub + Y seelen DH SONES ~ e 
"0 — > > ° N rd Dim + DS fr mm 
x. ul” D ^ “Y || + UD € e e e Les DT 
<I O — — "xo II m e*— DOOO rn ID  ب‎ ee 
SA كاله‎ y > NND [med e e e° o DT (DD 
= ~ — ——< 7520 — UU sl ke ke ke ke Ode وی‎ "09 << 
= AZ cN cN —” 77) n DMI “ci €“ 2 
< oz U) u) ON للا‎ + DI è è o © pei LX E. >< >< 
oz ZO — = emm k UU CN e = — — N u PT amm, ھھ‎ Фә NO > >< > € 
(9 کہ — — لا‎ > Lt] — Imm N ten» — — 
ل‎ aa — E-— 0-0] € wel — —— يي‎ | фә ہہ‎ II 
De ہے‎ | ә - 0 Dem e DE» >>> fn = 7) “ سے‎ 
O. <> — سل — — < حدس‎ — (> = AL oe e e è o X = J. w uy LULU 
A= a YF DU O eO è === DID O COs eru x F&F 
ص ]> ماسم‎ >» NN DO ++ n e ZZ 1 “tii (DI ee 
200 ابم ب‎ . Dm OLA X N ZT ke 
LU (U UY wo QO w e — e) èo o èo o Je eiii صب‎ 
QUO ә > = ә LLJLL] —4 一 ~ سز‎ < CC e e € e —–— AY ur 
x QD x —— Ked N ə eljı mllJi 9 Ke OOOO 7 LL. we we кк van 
DOO ke = OO EU mm ZU E omy ow è è o è ~w e» *D00 OO 
Oe Na OO N نے بے ہہ‎ ہم٢‎ UV — ee K X XXXOO oco 
(0. ON NM a RR Da DO DOL Do 5 —— 
NWO О UN e. e e IE HSA ie iu Te. e e ç OANA, NNN > كال‎ e UU 
ET ہر‎ + O DO ..— UIL | 一 LU d imam || ل00‎ DR ON Y 
Q =N Um red OO e e e wee Nr 5L DT S E al — > 2 一 一 | Ke ke ke اص‎ ww v 
uJr- ! کی سے‎ ei 00 WwW e Z Lr o A nn MAO A A A U w OU U O 
> O We MONO Pr OZ rd kes a ULU e UU Ka K LU Sé رد و رد رہ م‎ Ada e k A Z E E Ha 
ZOO EAT HOI Ol Om 170, www Sw I >2 e LL at سا مد ست‎ || 2 || GC CC CC d ked et ZOO 
OZO ب رز برب‎ > 6 0 <> ١١ CK WOOUU ui Q > لے‎ red LL UL UL د 2 35 سرب‎ 93 OOO عن عن‎ OQ < ےه‎ COO Z 
ÇO OOG € 2 XX MU Ori Kai XR Dem I m 5 لا لاك‎ U. Z ZO x x OO? 


* 
mW OW 
یہ‎ as 


MW Оооо 
الس‎ OOO 
"NN 


LA N 


O‏ ی ن ن ںین یں 





TABLE A-I 
GEK Data 


Run 1, 


TIME 
(LOCAL) 


e مو‎ 
ا ا ل ل ان نان ننه‎ RSS SAN NN AUS ENS 
ec AR A QI NA x وه‎ O MO ON O O O INT i FOO DO FABIA OF ADD C9 DO HA DINOS eo co t M e 
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0۸۰ LJ 


Run 1, Wind Data 


TIME DIRECTION SPEEDS I CM/ SEC) 

PDT zı SCALAR EAST COMPONENT NORTH COMPONENT 
1000 130 89.4 -68.48 57.48 
1100 120 89.4 ad 44.7 
1200 073 220055 052 2210507 
1300 2935 25759 5208.00 Лә. 
1400 514 357 205: 7۶ھ‎ 
1500 308 20572 2434 -۔‎ 0 E 
1600 316 522.9 224.98 SI edu 
1700 2:519 205 2 15.45 205.44 
1800 062 447.0 = 200% 04 - 70 
1900 069 491.7 “170200 sd 39125 
2000 074 491. 7 әј ии TALL S7 
2100 072 25700 10U. 50 -340.08 
2200 060 670.5 009.25 “50065 
2 2) 066 556.4 = ZAKS AU -490.27 
2400 076 402.3 “07.30 =590 25 
0100 081 3570 -: S1 
0200 094 4.025 0 20710 
0300 083 45157 ao -466.26 
0400 089 402.5 -6.84 -401.90 
0500 078 3500 -74.38 - 93 
0600 088 268.2 2ھ 7۳ے‎ ٦ 
0700 096 20822 -206.86 28.16 
0800 098 22055 p ZA لات‎ Ии 
0900 108 206.2 22550 82281 
1000 103 134.1 0ھ‎ ۶۰۹ 20517 
1100 088 2255 720 “225255 
1200 1625 134.1 = 109235 70.97 
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TABLE A-III 
GEK Data 
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100 A= IV 


Rum 2, Wind Data 


TIME DIRECTION SPEEDS SCH EC) 

PDT 1 SCALAR EAST COMPONENT NORTH COMPONENT 
1000 110 J oso -167.54 IS 
1100 168 89.4 -18.60 87.43 
1200 130 154.1 60:22 102 72 
1300 2” 2557 5310771 Eo 
1400 294 402.3 367.70 103.074 
1500 2 2557:6 S5 ll “15:00 
1600 25 و‎ 6 545.44 02:02 
1700 170 2 ٤ 00:65 240415 
1800 167 312:9 36:15 10 411 
1900 178 134.1 -4.69 1 
2000 118 178.8 =13/.08 60 
2100 156 89.4 -9 EE әр. 11 
3300 184 44.7 3a T5 44.61 
2300 110 154.1 Zoe 45.86 
2400 177 1 70:51 178.44 
0100 7 4024 195.1 = ОР 11 
0200 221 2205 146.62 168.74 
0300 131 89.4 “67.50 59:65 
0400 100 ۵ “162050 61.15 
0500 095 22.359 “52 19.44 
0600 139 44.7 22 50076 
0700 095 268.2 “070 15 
0800 095 51.9 6چ ٭‎ 2 7152 2 
0900 081 ә 22002 54 67 
1000 Z206 44.7 105 40.19 
1100 52 44.7 42.51 15.81 
1200 274 89.4 69225 “0720 
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TABLE A-V 


CER DATA 


Run 3, 


>> للا 
C)‏ = 


لاحم 


e e ® ə ee e © e 9 © . è © © © ə eo ec ® . 9 Go e © © ə ee Ə 6 e g60 © . . . . © © © 0 ce se © © © © © e Ə € © © © © Ə 
LOT ON — (О ИЛ GCN O O ۔ح یں ےہ یہ تہ ن یىی ہے یس‎ — *N OO О (О O O r= UY (rN ÇN COO ee P NI LX O O O WAN O O O O AED O O G ("rN et ea 
“О О ہ٢ ں یی نم‎ FINN ہہ بے‎ O LUN VI FANANO Ng NES OY NON MANS NON CAO NC 
ہے لہ ہے ہے ہے بے ہے‎ ANAN NNN N N NN NNN) esl mm — ہے ہے ہے ہے ہے ہم ہے‎ 


ON CO Dirt CID O sf (I ret O لم لم هك‎ — OO r (ХЈС (О О О (лт) ҺӘ ٣۰ب بی‎ T P U D O O O © یی جہ وب‎ O +f VO UN ہے ہس‎ 6 
e € € o o © ə ə èe © e SGS © © © e e 9 0 © 94 0 0 © Фә è Фә 0 © 0 مج‎ Q, © © © e 4 Фә e e e o o è © © 0 © eo e . © © © © e © 
СУ) 4 A P P NOUNOU MAUR D M DUO ON NO 0000) u D LUN SP GOUD NN ON D es ea UN Ped N U OO f OO mm N нә 
NNN aed ہے ہے ہے ہے ہس ہے یس بسے پے ہے‎ —" si ہے پک وہ بت‎ 


ONO BM Re OU Be ON MA NN OS QU QU D Me OU y A O O cn r UN OO NAN LA un S O Uu c0 OLN 
ىم‎ OP سم عن بل‎ OD MI NANO ب‎ PF = ONO CONN O =m +f F< O CN) uy DOI O ہے ی‎ ٣ اع یہ ہہ ہس رہ مب‎ OM NE DAIS DO OM O 
e o © e o eo eo e ® e . e eo e © es e s . 9 e . 9 © 0 9 eo . ә o e © so e è . o © e . © © ec so © © e Ф © © © © © © ə € © Ə 
NNN OOOO IN IN IN D O OEM ODD DADO ODO OOO d ed ed eed N NNN O COO لہ لہ لہ‎ ۱۳۹ 09 00 eo SE sË sË اما‎ N O 
بے ہے ہے ہے ہے ہے ہے بے یےپلہ- ہے‎ crd rl rd vd rd red ved pd vd rd vd red ed ed ed CNW CNN N ليم ويم روح لم ويم لمم‎ KA Mİ €N GNN 


69 








TABLE A-VI 


Current Meter Data 


PIME CURRENT METER READING COMPONENT “SPEED 
(PST) MAGN (cm/sec)/DIR (°T) E(cm/sec) N(cm/sec) 
1300 2 0.806 257 ıı. 
T315 2.6 / 061 2 155 
1330 577 001 425 25 
1345 65 / 076 6.0 1.5 
1400 107277 106 G - 2.9 
1415 Imo 1517 ] 6 -11.8 
1430 12.9 / Jd 1025 -7.6 
1445 J5 05 7 6 14.8 -4.3 
1500 18.0 / 086 176 ns 
1515 15.5 / 081 1557 255 
1530 10.977) 0% 1226 5m 
J 5 15.5 / 086 ك3[‎ ızı 
1600 1229 / 061 17 224 
1615 15057 qu Jo - 2.9 
1630 13.0 / 128 145: -10.6 
1645 15.5 4 106 14.9 -4.3 
1700 15-5 / 1056 14.9 27 à 
1715 70 190 14.9 -4.3 
00 1,9 975 -4,5 
1745 15257 106 14.9 -4.3 
1800 15.5 / 6 159 -6.8 
1815 10.3 / 086 10:2 07 
18 30 /.7 / 106 // 2257 
1845 55177 101 5.0 157 
1900 m7 7121 5.8 -5.0 
1915 12 7/7 DOS 0 0.5 
1930 517 USI 50 0.8 
1945 5070 255 1.8 
2000 10.3 / 086 1057 057 
2015 12.9 / 126 10.4 -7.6 
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TABLE A-VI (continued) 
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TABLE A-VI (continued) 
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TABLE A-VII 


kun 3, Wind Data 


TIME DIRECTION SPEEDS (CM/SEC) 

PDT °T SCALAR EAST COMPONENT NORTH COMPONENT 
1000 166 134.1 005 130.08 
1100 21: 402.3 219.25 337.53 
1200 307 402.3 321.44 -242.18 
1300 256 402.3 390.23 97.36 
1400 243 536.4 477.93 243.53 
1500 244 1017 442.04 215.36 
1600 238 357.6 303.24 189.53 
1700 240 402.3 348.38 201.15 
1800 241 402.3 352.01 195.12 
1900 243 536.4 477.93 243.53 
2000 253 536.4 512.80 156.63 
2100 273 402.3 401.50 220897 
2200 ДИ. 312.9 312.59 et. os 
2300 257 317 304.76 70.40 
2400 251 312,0 295.69 102.00 
0100 240 312.9 2700291 156.45 
0200 220 31248 2025 232.48 
0300 192 178.8 37:909 117 
0400 188 178.8 24.85 IE 
0500 (ER 89.4 18.60 87.43 
0600 154 89.4 -39.16 80.37 
0700 27 491.7 359.43 335.34 
0800 27 491.7 359.43 335.34 
0900 27 22207 176.12 137.68 
1000 162 178.8 =5 5.25 170.04 
1100 181 268.2 4.57 267.93 
1200 220 357.6 229.94 25 82 
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TABLE A-VIII 
GEK Data 


Run 4, 
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TABLE A-IX 


Run 4, Wind Data 


TIME DIRECTION SPEEDS (CM/SEC) 

PDT 20 SCALAR EAST COMPONENT NORTH COMPONENT 
1000 1417, 89.4 -48.72 25.01 
1100 263 89.4 88.77 ۲ 
1200 256 312.9 303.51 77: 
1300 283 581.1 565.99 -130.75 
1400 267 402.3 401.50 20797 
1500 253 536.4 512.80 156.63 
1600 244 581.1 531.18 236.51 
1700 234 536.4 433.95 315.40 
1800 236 581.1 481.73 324.83 
1900 229 715.2 539.98 469.17 
2000 252 849.3 669.25 SEE 
2100 243 581.4 517.76 263.82 
2200 240 491.7 425.81 245.85 
2300 218 402.3 247.82 Ke 
2400 270 2127 312.9 0 
0100 274 51252 311.96 1759 
0200 248 3129 290.06 ]17 4 
0300 2006 491.7 489.73 ا‎ 
0400 288 491.7 467.61 “151771 
0500 297 357.6 318.62 ‘102035 
0600 301 447.0 383.08 222171 
0700 300 268.2 232.26 OP 
0800 307 89.4 71.43 55:52 
0900 240 178.8 154.84 89.4 
1000 230 134.1 102 86.23 
1100 230 2255 171120 115771 
1200 258 268.2 262.30 55.79 
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TABLE A-X 


GEK Data 
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TABLE A-XI 


Run 5, Wand Data 


TIME DIRECTION SPEEDS (CM/SEC) 

PDT 27 SCALAR EAST COMPONENT NORTH COMPONENT 
1000 270 268.2 268.2 0 
1100 242 25 IS sie 105.05 
1200 243 268.2 238.97 121.76 
1300 239 312.9 268.16 161.14 
1400 254 402.3 386.61 111.03 
1500 261 DIS 397.47 62.76 
1600 249 402.3 375.75 144.02 
1700 257 402.3 391.84 90.52 
1800 258 447.0 eet 92.98 
1900 248 491.7 455.81 184.39 
2000 219 536.4 337.40 416.78 
2100 211 A 253.22 421.39 
2200 178 223.5 -7.82 2 
2300 135 178 -126.41 (lee 
2400 J ` 178.8 -132.85 119.62 
0100 180 44.7 0 44.7 
0200 202 44.7 Ies 41.44 
0300 284 312.9 303.51 -75.72 
0400 283 223.5 217.69 -50.29 
0500 283 25 217.69 -50.29 
0600 239 312.9 268.16 161.14 
0700 296 51250 281.30 -137.05 
0800 291 312.9 292.25 -112.02 
0900 282 178.8 174.87 -37.19 
1000 274 2057 223.05 -15.65 
1100 280 268.2 264.18 -46.67 
1200 261 312.9 309.15 48.81 
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